The metabolism of 11-14C12,4-dichlorophenoxyacetic acid (2,4-D) 
Pea epicotyl and soybean cotyledon callus tissues metabolize 2,4-dichlorophenoxyacetic acid into metabolites soluble in water or diethyl ether. The diethyl ether-soluble fraction (pH 3) contains mainly unmetabolized 2,4-D and amino acid conjugates (2, 5, 8, 9) . Several ring hydroxylated aglycones as well as 2,4-D can be recovered by treatment of the water-soluble fraction with 13-glucosidase. Thus, the water-soluble metabolites are mainly ring hydroxylated glycosides and the carboxylic glucoside ester of 2,4-D (5, 8, 9) .
The 2,4-D metabolites qualitatively and quantitatively change with the length of incubation time (9) . An increase in incubation time decreases the total amount of diethyl ether-soluble metabolites and increases the amount of water-soluble metabolites in soybean cotyledon callus tissues. The amount of each metabolite varies with incubation time which could reflect tissue age (9) . metabolize 2,4-D rapidly (5, 8, 9) . The physiological significance of these 2,4-D metabolites is not completely understood. The hydroxylated aglycones have no auxin activity (10, II), but the amino acid conjugates have high activity (10) . It has been suggested that auxin conjugates may contribute to the regulation of auxin levels in plants (3, 5, 13 (12) prior to counting. All counts were corrected for quenching using the channels ratio method.
For mitotic index determinations, the tissue was fixed in Navishin's fluid, washed, treated with 10%7o glycerol in distilled H20 for 24 hr, and embedded in gelatin (15% gelatin, 2% glycerol by volume). Twelve-,m frozen sections were cut using a freezing microtome (International Cryostat) and the tissue was stained with gentian violet. The number of dividing nuclei/hundred (mitotic index) was determined by the examination of 2,000 nuclei/sample.
RESULTS AND DISCUSSION
The mitotic index of soybean root callus tissue decreased from a maximum of about 1.1 at 2 weeks after transfer to 0.6 at 3 weeks, and it was about 0.2 at 9 weeks after transfer. The mitotic index was used to evaluate the physiological state of the tissue at the time of each 2,4-D labeling experiment. At some unpredictable times, perhaps seasonally related, the tissue did not grow well and the mitotic index was lower than typical values given above. Such tissue was not used in the 2,4-D metabolism studies to be reported. Table I shows the composition of each fraction in a typical experiment in 3-and 9-week-old root callus and in 3-week-old excised roots. The glutamic (2,4-D-Glu) and aspartic (2,4-D-Asp) acid conjugates constituted 50 to 79% of the remaining ether-soluble metabolites after deduction of the free 2,4-D. Other amino acid conjugates present in smaller amounts were also found in this fraction (5).
The 1-butanol fraction, which contained the aqueous soluble metabolites, was treated with ,B-glucosidase and the aglycones 4-hydroxy-2,5-dichlorophenoxyacetic acid (major), 4-hydroxy-2,3-dichlorophenoxyacetic acid, 5-hydroxy-2,4-dichlorophenoxyacetic acid, and 2,4-D were identified through co-chromatography with standards. These data were consistent with our previous work (5). Few metabolites were recovered from the media in these 48-hr incubations and total radiolabel recoveries indicated little loss of label. Two-, 3-, and 4-week-old soybean root callus tissue metabolized 2,4-D in a similar manner and metabolism by 3-week-old root callus is presented in Figure 1 . Unmetabolized 2,4-D constituted a major portion of the label in the ethanol extract. The concentration of free 2,4-D found in the tissue increased 32-fold (1-32 nmol/g fresh wt) as the uptake of radiolabel into the ethanol extract increased 9-fold due to increases in the concentration of With 9-week-old root callus tissue the metabolism of 2,4-D was much more extensive (Fig. 2) . The concentration of free 2,4-D was low and remained relatively constant (4 nmol/g) was the concentration of 2,4-D increased in the ethanol fraction due to uptake of 2,4-D. Under these conditions the concentration of water-soluble metabolites was low (2.7-4.5 nmol/g) and increased only slightly with increases in external concentration of 2,4-D. However, in this 9-week-old callus tissue the concentration of ether soluble metabolites increased almost 4-fold (6.3-21.3 nmol/g) when only a 3-fold increase in uptake of 2,4-D into the ethanol fraction was observed. Thus, this older tissue was able to regulate the level of free 2,4-D found in the tissue at about 4 nmol/g ("saturation level") by converting any excess 2,4-D into ether-soluble metabolites (primarily glutamic and aspartic acid conjugates). Previous experiments have shown the amino acid conjugates to be biologically active (7, 10) and that at least the glutamic acid conjugate can be converted (metabolized) by plant tissue cultures into free 2,4-D (5). Collectively these data suggest that older callus tissue regulates the level of 2,4-D by formation of amino acid conjugates which in turn could later be a source of 2,4-D through catabolic processes.
In 3-week-old differentiated soybean root cultures the metabolism of 2,4-D closely paralleled that observed with the 9-week-old callus tissue (Fig. 3) . The level of free 2,4-D was low and apparently regulated by the formation of amino acid conjugates. With the differentiated root cultures the "saturation level" of free 2,4-D was even lower than for 9-week-old root callus tissue (1.6-2.7 nmol/g). This low level of free 2,4-D was perhaps due to the low number of growing or dividing cells found only at the root tips.
Some important questions are raised by these data. What is the physiological significance of the 2,4-D "saturation level"? What biochemical and physiological changes occur between 4-and 9-week-old and callus tissue to alter the 2,4-D-amino acid conjugation system? It has been previously demonstrated that in pea epicotyl segments the formation of aspartic acid conjugates is an auxin-inducible reaction (16) . All callus tissue prior to 2,4-D treatment was grown on a-naphthalene acetic acid-containing medium, but perhaps in the younger callus tissue the inducible system was not functioning. We also found (unpublished) that Recent studies (4) have demonstrated that old apple callus tissue metabolized IAA so that little free auxin was found in old tissue compared to young tissue. However, in this case extensive decarboxylation was observed. In the present investigation it appears that old root callus and differentiated roots metabolized 2,4-D in a similar manner and that conjugation to amino acids may regulate the amount of 2,4-D found in the tissue. It is not clear how general this regulatory system may be; measurements in other tissues or species are required. The auxin induction of the aspartate conjugation system has been observed in a number of tissues (6, 15) . It might be speculated that most of these tissues would show regulation of auxin levels by this mechanism. In current studies we are investigating the possibility that this conjugated auxin can serve as a storage reserve from which auxin may be later released during growth.
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